Abstract. Isorhamnetin (ISH) is a flavonoid primarily obtained from the fruit of Hippophae rhamnoides L., which possesses anti-inflammatory properties. However, the effect of ISH on the expression of inflammatory mediators in response to interleukin (IL)-1β stimulation has not been elucidated. The present study investigated the effects of ISH on the expression of inflammatory mediators in human chondrocytes, induced by IL-1β. The results of the present study demonstrated that pretreatment with ISH inhibited the expression of stromelysin-1 and collagenase 3 in chondrocytes, induced by IL-1β. Pretreatment with ISH inhibited the IL-1β-stimulated synthesis of NO and prostaglandin E2 induced by IL-1β, in addition to the expression of inducible nitric oxide synthase and prostaglandin G/H synthase 2 in chondrocytes. Additionally, ISH inhibited the expression of nuclear factor (NF)-κB and transcription factor p65, and the degradation of NF-κB inhibitor α induced by IL-1β in chondrocytes. In conclusion, the results of the present study indicated that ISH exhibited anti-inflammatory and chondroprotective effects in IL-1β-stimulated chondrocytes. The results of the present study suggest that ISH may be a potential agent in the future treatment of osteoarthritis.
Introduction
Osteoarthritis (OA) is a common degenerative joint disease, characterized by loss of articular cartilage and inflammation of the synovium (1) . In OA treatment, currently-used drugs, including non-steroidal anti-inflammatory drugs, are only temporarily effective and exhibit numerous side effects (2) (3) (4) . Therefore, the development of novel, safe and more effective therapeutic strategies to treat OA is required.
Previous studies have demonstrated that inflammation is one of the primary contributors to the development of OA (5) (6) (7) . Interleukin (IL)-1β, a pro-inflammatory and pro-catabolic cytokine, has been demonstrated to stimulate chondrocytes to produce NO, matrix metalloproteinases and proteins of the a distegrin and metalloproteinase with thrombospondin motifs family, and suppresses the synthesis of aggrecan and collagen type II (8) .
Isorhamnetin (ISH), one of the primary active components isolated from the traditional Chinese herb pollen of Typhae angustifoliae, or Hippophae rhamnoides L., is commonly used in the treatment of ischemic heart disease and circulatory disorders. Previous studies have demonstrated that isorhamnetin (ISH) exhibits a range of biological properties including anticancer, antioxidant and anti-inflammatory effects (9-11). Dou et al (12) reported that ISH alleviated inflammation by inhibiting the activity of myeloperoxidase, the levels of tumor necrosis factor-α and IL-6, the mRNA expression of pro-inflammatory mediators [inducible nitric oxide synthase (iNOS), intercellular adhesion molecule 1, prostaglandin G/H synthase 2 (COX2), IL-2 and IL-6] and the phosphorylation of nuclear factor (NF)-κB inhibitor α (IκBα) and transcription factor p65 (p65) in inflammatory bowel disease. Recently, a study demonstrated that ISH attenuated collagen-induced arthritis (13) . However, the effect of ISH on the expression of inflammatory mediators in response to IL-1β stimulation has not been investigated. The present study investigated the effects of ISH on the expression of inflammatory mediators in human chondrocytes stimulated with IL-1β. In addition, the mechanism of the protective role of ISH in chondrocytes was examined.
Materials and methods

Preparation of chondrocytes. Following approval from the Institutional Ethics Committee Board of The First Affiliated
Hospital of Jinan University (Guangzhou, China) and obtainment of written informed consent, cartilage was obtained
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from five female patients (64±6 years old) with OA who had undergone total knee joint replacement surgery at the First Affiliated Hospital of Jinan University between May and July 2014. The preparation of chondrocytes from cartilage was performed as previously described (14) . The full-thickness articular cartilage was removed from the underlying bone and homogenized. Following enzymatic digestion with 0.25% trypsin for 30 min, the specimens were digested with 0.25 mg/ml collagenase I (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) in Dulbecco's modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) overnight at 37˚C. The articular chondrocytes were cultured in DMEM containing 10% FBS, penicillin (100 units/ml; Sigma-Aldrich; Merck KGaA) and streptomycin (100 µg/ml; Sigma-Aldrich; Merck KGaA) at 37˚C in a humidified atmosphere containing 5% CO 2 . Chondrocytes were used for further experiments when they had reached 80-90% conflue nce, and passage 2-4 chondrocytes were used.
Cell viability assay. Cell viability was evaluated using an MTT assay. Human OA chondrocytes at a density of 1x10 4 cells/well were pretreated with 10, 50 or 100 µg/ml ISH (Sigma-Aldrich; Merck KGaA) for 2 or 48 h at 37˚C. Chondrocytes were subsequently incubated with or without 10 ng/ml IL-1β to stimulate for 24 h. The medium was removed, and 20 µl MTT (5 mg/ml; Sigma-Aldrich; Merck KGaA) was added to each well and cultured for an additional 4 h at 37˚C. Following removal of the supernatant, 150 µl dimethyl sulfoxide was added to each well. The absorbance of each well was determined at a wavelength of 570 nm using a Dynatech MR5000 plate reader (Dynatech Laboratories, Inc., Chantilly, VA, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was isolated from chondrocytes using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. A total of 2 µg total RNA was reverse-transcribed using the PrimeScript RT reagent kit (Takara Biotechnology Co., Ltd., Dalian, China). The qPCR analysis was performed using an ABI PRISM 7700 Sequence Detector System and the SYBR-Green PCR Master Mix kit (Applied Biosystems; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The sequences of the human-specific primers were: Sense, 5'-TTT CCA AGA CAC ACT TCA CCA-3' and antisense, 5'-ATC TCC TTT GTT ACC GCT TCC-3' iNOS; sense, 5'-GAG AGA TGT ATC CTC CCA CAG TCA-3' and antisense, 5'-GAC CAG GCA CCA GAC CAA AG-3' for COX-2; and sense, 5'-ATG ACA ACT CCC TCA AGA T-3' and antisense, 5'-GAT CCA CAA CGG ATA CAT T-3' for GADPH. The PCR cycling program was as follows: 95˚C for 3 min, followed by 35 cycles of 95˚C for 20 sec, 59˚C for 20 sec and 72˚C for 20 sec, and a final extension at 72˚C for 5 min. The data obtained were analyzed using the 2 -ΔΔCq method (15) .
Western blot analysis. Proteins were extracted from chondrocytes using radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) and the protein concentration was quantified using the Bradford assay. Equal amounts of protein (30 µg) were separated using SDS-PAGE on a 10% gel and blotted onto a nitrocellulose 
Measurement of matrix metalloproteinases (MMPs), NO and prostaglandin E2 (PGE2).
The concentrations of stromelysin-1 (MMP-3; BMS2014-3), collagenase 3 (MMP-13; EHMMP13) and PGE2 (KHL1701) in the culture medium were measured using ELISA kits (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. The nitrite levels in the cell culture supernatant were measured using the Griess reaction, as previously described (16).
Statistical analysis. Data was analyzed using SPSS software version 13.0 (SPSS Inc., Chicago, IL, USA). Experimental data are presented as the mean ± standard deviation of triplicate independent samples. One-way analysis of variance followed by Dunnett's multiple comparisons post hoc test and Student's unpaired t-tests were used for the statistical analyses. P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of ISH on chondrocyte viability and IL-1β-induced damage.
Cell viability was evaluated following treatment with ISH using an MTT assay. The results demonstrated that there were no significant differences in absorbance among the treated groups, indicating that ISH exerted no cytotoxic effects on chondrocytes at the assayed concentrations (Fig. 1A) . The protective effect of ISH against IL-1β-induced cytotoxicity was investigated. As presented in Fig. 1B , treatment with IL-1β significantly decreased cell viability, and this effect was reversed by the addition of ISH at concentrations of 10, 50 or 100 µg/ml.
ISH inhibits the IL-1β-induced production of MMP-3 and MMP-13 in OA chondrocytes. As MMPs serve important roles in the development and progression of OA, the effects of ISH on the production of MMP-13 and MMP-13 in IL-1β-treated human OA chondrocytes were investigated. As presented in Fig. 2 , IL-1β significantly promoted the production of MMP-3 and MMP-13 in human OA chondrocytes compared with the control group. However, treatment with ISH significantly inhibited the increased production of MMP-3 and MMP-13 which had been induced by IL-1β.
ISH inhibits the IL-1β-induced expression of iNOS and COX-2 in OA chondrocytes.
The effects of ISH on the expression of iNOS and COX-2 in IL-1β-treated human OA chondrocytes were investigated. The results of the RT-qPCR analysis demonstrated that IL-1β induced a significant upregulation of iNOS and COX-2 in IL-1β-stimulated human OA chondrocytes compared with the control group. ISH significantly suppressed the mRNA expression of iNOS and COX-2 in IL-1β-stimulated human OA chondrocytes (Fig. 3A and B) . Western blot analysis demonstrated that ISH suppressed the protein expression levels of iNOS and COX-2 in IL-1β-stimulated human OA chondrocytes (Fig. 3C) .
ISH inhibits the IL-1β-induced production of NO and PGE2 in
OA chondrocytes. The effect of ISH on NO and PGE2 production in human OA chondrocytes induced by IL-1β was analyzed, following 24 h of incubation. The results of the present study demonstrated that treatment with IL-1β induced nitrite accumulation, which was significantly attenuated by ISH (Fig. 4A) . Similarly, ISH significantly suppressed the IL-1β-induced production of PGE2 in human OA chondrocytes (Fig. 4B) .
Effects of ISH on NF-κB activation and IκBα degradation in chondrocytes.
In order to further analyze the effect of ISH on the NF-κB signaling pathway, western blotting was performed to analyze the effect of ISH on the expression of p65 and IκBα in IL-1β-stimulated human OA chondrocytes. As presented in Fig. 5 , ISH suppressed the activation of p65 and the degradation of IκBα, induced by IL-1β, in human OA chondrocytes.
Discussion
To the best of our knowledge, the present study was the first to demonstrate that pretreatment with ISH inhibited the production of MMP-3 and MMP-13 in human OA chondrocytes stimulated with IL-1β. Pretreatment with ISH significantly inhibited the IL-1β-stimulated production of NO and PGE2, in addition to the expression of iNOS and COX-2 in human OA chondrocytes. Additionally, ISH inhibited the expression of p65 and the degradation of IκB-α, induced by IL-1β, in human OA chondrocytes. 5 cells/well were pretreated for 2 h with 100 µg/ml ISH and stimulated with 10 ng/ml IL-1β for 24 h. The concentration of (A) MMP-3 and (B) MMP-13 in the culture medium was measured using ELISA kits. * P<0.05 vs. control group. # P<0.05 vs. IL-1β group. ISH, isorhamnetin; MMP-3, stromelysin-1; MMP-13, collagenase 3; OA, osteoarthritis; IL-1β, interleukin 1β.
Inflammatory cytokines, including IL-1β, serve important roles in the development of OA. It was previously demonstrated that IL-1β expression is increased in OA cartilage (17) . IL-1β has been used as a pro-inflammatory factor to mimic the OA microenvironment for an in vitro study (18) . In the present study, the effects of ISH on the expression of inflammatory mediators were assessed in human OA chondrocytes stimulated with IL-1β.
MMPs serve roles in cartilage degradation during OA. Previous studies have demonstrated that the expression levels of MMPs were increased in OA (19) (20) (21) . In addition, IL-1β is able to upregulate the production of MMP-3 and MMP-13 in human OA chondrocytes (22) . Consistent with the previous studies, the results of the present study demonstrated that ISH inhibited the IL-1β-induced production of MMP-3 and MMP-13 in human OA chondrocytes. The present data suggest that ISH exerts an anti-arthritic effect by inhibiting the expression of MMPs.
NO has been demonstrated to be an important inflammatory mediator in the pathogenesis of OA (23) . NO is able to induce the production of PGE2 and inflammatory cytokines (24) . PGE2 has been observed to be associated with the degeneration of articular cartilage, and its expression is elevated in patients with OA (25) . Treatment with IL-1β is able to upregulate the expression of iNOS and COX-2, which induces the production of NO and PGE2 in chondrocytes (26) . A recent study demonstrated that ISH-3-O-glucuronide suppressed the lipopolysaccharide-induced extracellular secretion of the pro-inflammatory mediators NO and PGE2, and the expression of the pro-inflammatory proteins iNOS and COX-2, in RAW264.7 macrophage cells (27) . Consistent with previous results, the results of the present study demonstrated that ISH inhibited the IL-1β-induced production of NO and PGE2, and the expression of iNOS and COX-2, in a dose-dependent manner in human OA chondrocytes. It was hypothesized that Figure 3 . ISH inhibits the IL-1β-induced expression of iNOS and COX-2 in OA chondrocytes. Human OA chondrocytes at a density of 1x10 5 cells/well were pretreated for 2 h with 100 µg/ml ISH and stimulated with 10 ng/ml IL-1β for 24 h. The mRNA expression levels of (A) iNOS and (B) COX-2 were measured using the reverse transcription-quantitative polymerase chain reaction. Relative gene expression was normalized to GAPDH and compared with the un-stimulated control. (C) The protein expression levels of iNOS and COX-2 were determined using western blotting. * P<0.05 vs. respective control group. # P<0.05 vs. respective IL-1β group. ISH, isorhamnetin; IL-1β, interleukin 1β; iNOS, inducible nitric oxide synthase; COX-2, prostaglandin G/H synthase 2; OA, osteoarthritis. the inhibition of NO and PGE2 by ISH may be associated with the regulation of the expression of iNOS and COX-2 in human OA chondrocytes.
NF-κB is an important factor in the development of OA (28) . Under normal conditions, NF-κB is sequestered in the cytoplasm and bound to its inhibitor IκB. With certain stimuli, including IL-1β, p65 translocates from the cytoplasm to the nucleus to regulate the production of inflammatory mediators, including MMPs, NO and PGE2 (29, 30) . In human chondrocytes, the NF-κB inhibitor was demonstrated to decrease the production of MMP-3 and MMP-13 following stimulation with IL-1β (31) . In the present study, it was observed that ISH decreased the activation of p65, and the degradation of IκBα, induced by IL-1β in human OA chondrocytes. In a previous study, Li et al (32) reported that ISH ameliorated the LPS-induced inf lammatory response through downregulation of the NF-κB signaling pathway in RAW264.7 cells. The results of the present study demonstrated that ISH inhibited IL-1β-induced expression of inflammatory mediators in human OA chondrocytes through suppression of the activation of the NF-κB signaling pathway.
In conclusion, the results of the present study demonstrated that ISH exhibited anti-inflammatory and chondroprotective effects in IL-1β-stimulated human OA chondrocytes. The present study provides evidence to suggest that ISH may be an effective agent in the treatment of OA in the future. 5 cells/well were pretreated for 2 h with 100 µg/ml ISH and stimulated with 10 ng/ml IL-1β for 1 h. (A) Western blotting was used to analyze the protein levels of NF-κB p65 and IκBα. Quantification analysis was performed to assess the relative protein expression of (B) NF-κB p65 and (C) IκBα compared with the internal control GAPDH. * P<0.05 vs. control group. # P<0.05 vs. IL-1β group. ISH, isorhamnetin; NF-κB; nuclear factor-κB; p-NF-κB p65, phosphorylated transcription factor p65; IL-1β, interleukin 1β; OA, osteoarthritis; IκBα, NF-κB inhibitor α. Figure 4 . ISH inhibits the IL-1β-induced production of NO and PGE2 in OA chondrocytes. Human OA chondrocytes at a density of 1x10 5 cells/well were pretreated for 2 h with 100 µg/ml ISH and stimulated with 10 ng/ml IL-1β for 24 h. (A) The nitrite levels in the culture medium were assessed using the Griess reaction. (B) The level of PGE2 was determined using an ELISA kit. * P<0.05 vs. control group. # P<0.05 vs. IL-1β group. ISH, isorhamnetin; IL-1β, interleukin 1β; OA, osteoarthritis; PGE2, prostaglandin E2.
